The styrene-isoprene-butadiene terpolymers were prepared using n butyl lithium as initiator, cyclohexane as solvent, tetrahydrofuran as structure modifier and tin tetrachloride as coupling agent by a method of the change addition time of structure modifier through the anionic polymerization technique. The polymerization rate of monomers, molecular weight, microstructure, tanδ and morphology of copolymers were investigated. The results showed that addition of THF had a great effect on the polymerization rate of three monomers, especially styrene, and could tune copolymer composition by using different addition time of THF; the copolymer composition could vary gradually along the chain from block copolymers (isoprene butadiene) to gradient copolymers (isoprene-butadiene-styrene isoprene butadiene). It resulted in broad ening of glass transition region and damping range. The monomer ratio and molecular weight that affected the mechanical and dynamic mechanical properties of copolymers were also investigated. At the same time, the microstructure, morphology and mechanical properties were compared with random terpolymer and solution styrene butadiene rubber/butadiene rubber/nature rubber blend.
INTRODUCTION
One of the important features of polymers is their expressed viscoelastic properties. Thus vis coelastic polymeric materials have been widely used for attenuating the sound and damping the vibra tion. Among the polymeric materials, rubber plays a critical role in practical applications, because of a unique combination of low modulus and inherent damping [1, 2] . It is well known that viscoelastic behavior is mainly dominated by the glass transition temperature T g , and damping capability of the poly mer to attenuate the sound and damp the vibration significantly depends on dynamic mechanical prop erties such as the intensity and broadness of loss modulus E '' or tan δ peaks at the applying tempera ture. The excellent damping materials are desirable to have high values of tan δ over wide temperature and frequency ranges. Usually, homopolymers or random copolymers possess efficient glass transi tion region over a temperature range of only 20-30°C around the T g . However, for the practical applications, it is often demanded over a tempera ture range of at least 60-80°C [3]. Two approaches have been used to broaden glass transition tempera ture region of the polymer. The first is based on chemical methods, including copolymerization, 1 The article is published in the original. grafting, formation of interpenetration polymer networks; the second is referred to physical meth ods, including the use of plasticizers, fillers, fibers, blending [4, 5] . Comparing with physical methods, copolymerization has many obvious advantages in general. The preparation of block copolymers by anionic copolymerization is a very effective method, because the anionic polymerization allows the construction of the polymer with precise control of the microstructure. Styrene/butadiene di and triblock copolymers, such as SB or SBS, have already been studied, and nowadays triblock copol ymers SBS are famous thermoplastic elastomers [6] . They are prepared by sequential additions and poly merization of separate styrene and diene monomer batches [7] . However, another class of gradient copolymers, also known as tapered copolymers is less studied. Gradient distributions spontaneously form in many living polymerization processes, where two monomers with different reactivities are simultaneously introduced in a reactor. The copol ymer composition varies gradually along the chain from A rich at one end to B rich at the other end, and microphase separation of copolymers occurs hardly compared with analogous AB diblocks [8] . Gronski et al. [11] reported the self assembly and dynamic theological behavior of similar SI and SB linear gradient or gradi ent/block copolymers. The results showed that pure gradient copolymers displayed a single broad glass transition temperature T g , while mixed gradient/block copolymers always displayed two T g [11] . More recently, Jouenne reported that asymmetric gradient triblock copolymers of butadiene and styrene, denoted S1-G-S2 (S: pure polystyrene blocks, G: a gradient copolymer of styrene and butadiene), were prepared by a two step anionic copolymerization in cyclohex ane in the presence of THF and lamellar phases were formed [12] . The similar lamellar phases were also reported by Michler and co workers [13, 14] .
In this article, the styrene isoprene butadiene block terpolymers were designed and synthesized through the anionic polymerization technique. The copolymer composition could be tuned from BI rich to SIB rich with conversion by a simple method of the change addition time of polar structure modifier THF into reaction system. As a result, an expected block copolymer (IB-SIB) with gradient composition was prepared and this copolymer exhibits a wide tempera ture transition range spanning over 110°C, which means a wide damping range. The microstructure, mechanical properties and morphology were investi gated also. To our knowledge, no work has been done before to study St-Ip-Bd block terpolymers with gra dient composition.
EXPERIMENTAL
Materials Butadiene (Bd), isoprene (Ip), Styrene (St) and n BuLi were obtained from SINOPEC Beijing Yanshan Petrochemical, Beijing, China. The concentration of n BuLi was determined by Gilman Haubei method. Cyclohexane, THF and SnCl 4 were commercially available. The monomers were polymerization grade; cyclohexane and THF needed to soak in 5 Å molecu lar sieve for more than 2 weeks before use, so that water content was lower than 10 ppm.
Preparation
Block copolymerization were carried out in a dry 5 L stainless steel reactor which was dried and purged with nitrogen. The reactor was charged with cyclohex ane, styrene, Ip and solution of Bd in cyclohexane (concentration 12 wt %). According to the designed molecular weight n BuLi was introduced and poly merizations were initiated, when the reactor was heated to 50°C. After polymerization reaction started, polar structure modifier THF (THF/Li mole radio = 40) was added at different reaction time. The reaction was allowed to proceed for 2 h, and then was coupled by the addition of SnCl 4 . The solution was precipitated by the addition of an excess amount of alcohol, and the precipitated polymer was dried under vacuum until a constant weight.
Random copolymerization also was carried out in 5 L stainless steel reactor, and all components, namely cyclohexane, St, Ip, solution of Bd and THF were simultaneously introduced into reactor; other proce dures were the same as in block copolymerization.
Vulcanization
The additives and copolymer were mixed on a two roll mixing mill. The compounding recipe consisted of 100 phr of copolymer, 1.0 phr of sulfur, 1.0 phr of accelerant, 5.0 phr of ZnO, 2.0 phr of stearic acid, 5.0 phr of aromatic oil, 1.0 phr of antiager, and 45 phr of carbon black. The vulcanization was carried out on a press under a pressure of 15MPa at 145°C for 45 min.
Blends of SSBR/BR/NR were also prepared according to the same procedures as above copoly mers.
Characterization
The conversion of monomers was determined by a GC S2000. Hydrogen flame detector, carrier gas: H 2 , temperature of detector: 250°C, temperature of vapor izer: 200°C. The conversion of monomers was deter mined after analysis of the residual monomers at dif ferent reaction time.
The molecular weights were characterized by a Waters GPC 150C at 25°C. The mobile phase was THF with a flow rate of 1.0 mL/min. The GPC instru ment was calibrated using polystyrene standards.
The microstructure of the copolymers was ana lyzed by a Bruker AVANCE400 1 H NMR spectrome ter with a superconducting magnet at room tempera 
